Fifty-two strains of the yeast species Malassezia pachydermatis were analysed by multilocus enzyme electrophoresis. M. pachydermatis appeared to be genetically heterogeneous. A total of 27 electrophoretic types were identified that could be divided into five distinct groups with different host specificities. The diversity revealed by this electrophoretic method matched remarkably well the reported genetic variability obtained by comparing large subunit rRNA sequences. This study also suggests that genetic exchanges can occur in the anamorphic species M. pachydermatis.
in patients on parenteral feeding supplemented with lipids.
The genus Mulusseziu contained only two species for many years (Yarrow & Ahearn, 1984) , Mulusseziu furfur, a lipophilic yeast that requires long-chain fatty acids for growth (lipid-dependent species) (Nazzaro Porro et ul., 1976) and Mulusseziu pachydermatis, which can take advantage of the short-chain fatty acids present in basic mycological media such as Sabouraud glucose agar (non-lipid-dependent species) (Ahearn & Simmons, 1998; Slooff, 1970; Yarrow & Ahearn, 1984) . However, there was no consensus about this limited number of species. Some authors demonstrated clearly that M . furfur was a polymorphic species. Midgley (1989 Midgley ( , 1993 identified two groups of lipid-dependent yeasts on morphological, physiological and immunological grounds. Cunningham et ul. (1990) also showed that M . furfur could be subdivided into three serovars on the basis of group-specific surface antigens. Simmons & Gueho (1 990) described Sequencing of rRNA from a large number of M . pachydermatis strains, mainly isolated from animals but also from humans, allowed the species to be divided into seven sequence types (sequevars Ia-Ig) (Guillot & Gueho, 1995; Guillot et al., 1997) .
The diversity observed as a result of rRNA sequencing is now compared with that detected by another technique that is also very informative. Multilocus enzyme electrophoresis (MLEE) has been used as a standard method for examining the genetics of eukaryotic populations (Ayala, 1976 ; Lewicka et al., 1995; Lewontin, 1974; Nevo et al., 1980 , Pujol et al., 1993 Selander & Whittam, 1983) and systematics (Holzschu et al., 1983; Oxford & Rollingon, 1983) . It was therefore used t o obtain a second picture of the genetic diversity of M . pachydermatis. This paper describes the analysis of multilocus genotypes in the 52 strains of M . pachydermatis that were previously characterized by LSU rRNA sequencing.
METHODS
Yeast strains. The 52 strains of M . pachydermatis examined are listed in Table 1 with their original identification number, host site of isolation and geographical origin. They were obtained from the Mycological Unit of the Pasteur Institute (Paris, France), where they are maintained in a collection. All the strains were sequenced by Guillot & Gueho (1995) and Guillot et al. ( , 1997 . A maximum sequence divergence of five differences (2 YO base substitution) was observed in the hypervariable region D, of LSU rRNA.
However, in spite of these differences, all strains were considered to be of the single species M . pachydermatis, because of the high DNA-DNA reassociation values, higher than 80 O h in all cases (Guillot & Guiho, 1995 ; . Enzyme extracts. All yeast cells were cultured in Roux flasks on 166 ml Sabouraud 0.05 O h chloramphenicol/0~05 O/ O cycloheximide/glucose agar, at 34 "C for 72 h. Cells were harvested by centrifugation at lOOOg for 5 min and were suspended in 5 ml distilled water. Yeast cells were disrupted in a Braun cell homogenizer with 0.25 mm diameter glass beads for 1 min. The mixture was then centrifuged at 12000 g and 4 "C for 30 min. The supernatant of each isolate was distributed into 300 ml aliquots and stored at -20 "C. (Nei, 1978) were calculated with the GENETIX-PC software, version 3-3 (Belkhir et al., 1996) . The relationships between ETs were visualized by using a dendrogram constructed by the neighbour-joining method (Saitou & Nei, 1987) with the NJTREE-PC software, version 2.0. This method finds pairs of operational taxonomic units (neighbours) that minimize the total branch length at each stage of clustering operational taxonomic units, starting with a star-like tree. Table 2 shows the allelic distribution observed and reveals a strong genetic diversity among the isolates analysed. The 13 enzymic loci examined were polymorphic and displayed a total of 44 alleles. The number of alleles per locus ranged from two to six. This genetic diversity yielded up to 27 different ETs. Six ETs were represented more than once : 20 isolates belonged to ETl; three isolates belonged t o ET3 and two isolates belonged to ET12, ET14, ET17 and ET18. Thus, 21 of the 52 isolates studied had a specific genotypic makeup (Table 2 ). 2  3  2  1  3  1  1  4  1  2  2  3  2  2  3  2  1  3  1  1  4  1  2  2  3  2  2  3  2  1  3  1  1  2  1  2  2  2  1  2  3  2  1  3  1  1  4  1  2  2  2  2  2  3  2  1  3  1  1  4  1  2  2  2  1  2  3  2  1  3  1  1  4  1  2  2  2  1  1  3  2  1  3  1  1  4  1  2  2  2  2  1  3  2  1  3  1  1  4  1  2  2  2  2   3  3  4  3  3  2  3  2  1  4  2  1  3  3  2  6  4  3  2  2  2  1  4  2  1  3  3  3  6  3  3  2  1  2  1  4  2  1  3  3  2/3  5  3  3  2  3  2  1  4  2  1  3   2/3  3  2/6  3  3  2  1  4  1  213  2  2  2  213  3  216  3  3  2  1  2  1  2/3  2  2  2  213 213 216  3  3  2  1  2  1  214  2  1  3  213  3  2/6  3  3 Seven loci showed phenotypic patterns characteristic of genotypic heterozygotes. However, the heterozygotes were not distributed randomly among the various isolates and loci. Only eight (JG 11 1, JG IB, JG 550, JG 561, JG 578, RB 3, RB 4 and RB 6) of the 52 isolates investigated had heterozygote genotypes and all of these except isolates RB 6 and J G 578 were heterozygotes for at least three loci (Table 2) .
RESULTS
FCA revealed inter-group differentiation based on the 43 active allelic variables. Three major groups were identified from the projection of isolates along the three most informative axes (X, Y, 2) (Figs 1 and 2 ).
They represented 46 YO (1 8 + 15 + 13 %) of the overall variability. Group I was composed of eight ETs (ETl-ET8), group I1 contained five ETs (ET14-ET18) and group I11 included nine ETs (ET19-ET27). Five other ETs were excluded from these three main groups ; ET9 was distinct from all the others; ETlO and ETl 1 seemed to be related and distinct from all the others, as were ET12 and ET13. Table 2 shows the alleles defining the three groups and the other isolates.
Because the majority of heterozygote isolates were in group 111, this group was divided into sub-groups IIIA and IIIB; the latter included the isolates that were heterozygotic at three or more loci. This differentiation resulted mainly from the presence of different alleles at loci AAT, GPI, PEP3, PGM and SDH. Fig. 3 shows that the phylogenetic analysis inferred from MLEE agrees with that based on the LSU rRNA sequence comparisons (Guillot & Gueho, 1995) . The figure also confirms the position of sub-group IIIB (ETs 23,24,26 and 27) between group I1 (ETs 14-18) and sub-group IIIA (ETs 19-22 and 25).
DISCUSSION
MLEE revealed considerable genetic variation within the species M . pachydermatis, leading to its partition into six genetic groups : (i) three major groups (I, I1 and I11 containing eight, five and nine ETs, respectively) and (ii) three minor groups (ET9; ETlO and ET11; ET12 and ET13) ( Table 2 ). This variability was previously suggested by LSU rRNA sequencing (Guillot & Gueho, 1995; Guillot et al., 1997) , which led to M. pachydermatis being divided into seven groups defined by small differences in rRNA sequences (sequevars Ia-Ig) (Guillot & Gueho, 1995) . There is good correspondence between the groups defined by MLEE and those established by rRNA sequencing (Table 2 and Fig. 3 pachydermatis with small colonies that were more markedly lipid-dependent than isolates with large colonies. All isolates with small colonies and marked nutritional requirements were found to belong to sequevar Id (Guillot & Gueho, 1995) . The same morphological diversity of M . pachydermatis, with two distinct colony types, was pointed out by Huang et al. (1993) and Kiss et al. (1996) . Huang et al. (1993) also found a few biochemical differences in carbohydrate assimilation. More recently, the heterogeneity of M . pachydermatis was demonstrated by Coutinho & Rodrigues Paula (1997) using the yeast killer system. They found eight biotypes among 30 isolates from dogs, three of them representing 75% of the isolates whatever their location on the host. These results were obtained with isolates from dogs as the sole host and more differences are likely to be revealed when the survey is extended to other animals. The heterogeneity of M . pachydermatis revealed by MLEE and rRNA . ETs and sequence-type designations (sequevars) are shown in Table 2 . Scale bars represent Nei's genetic distances (left) and accumulated differences per 100 nucleotides (right).
sequencing thus confirms the morphological and physiological differences reported previously. These results suggest that the species M . pachydermatis is not a unique genetic entity, but is composed of several genetic groups that remain to be defined clearly in spite of the fact that all isolates could be maintained as a single species by DNA-DNA reassociation experiments (Guillot & Gueho, 1995; Guillot et al., , 1997 Gueho et al., 1996) . These groups could be discrete typing units, as recently defined by Tibayrenc (1998) . The results of MLEE also suggest that there is a correlation between ETs and host specificity. For instance, all the isolates recovered from humans belonged to group I and the sequence Ia, as demonstrated by 25s rRNA analysis (Guillot & Gueho, 1995) . ET12 and ET13 were similarly recovered only from rhinoceros. Group IIIA and IIIB were recovered mainly from dogs. However, isolates from dogs also appeared in groups I and 11. Unlike host specificity, there is no evidence of any link between ETs and geographical origin. However, many more isolates for all sources (host as well as geography) must be examined in order to obtain a clear picture of both correlations. The particular distribution of genotypic patterns observed led us to consider the genetic structures of the isolates analysed. The heterozygotes were not distributed randomly within groups, since the great majority of them were encountered in group IIIB, which contained five ETs. The heterozygotic ETs in this group were also polymorphic at at least three loci. The group IIIB isolates had genotypes intermediate between those in group I1 and group IIIA ( Fig. 2 and Table 2 ). Group IIIB also had an intermediate pattern as far as LSU rRNA sequencing was concerned. The group I1 isolates belonged to sequevar Ie, those in group IIIA belonged to sequevar Id and those in group IIIB had sequevars Ie or Id. It is evident that the congruence of results obtained from two independent sets of data is not due to chance alone. Although we cannot specify how these organisms reproduce, these results suggest strongly that genetic exchange occurs within and/or between the various genetic groups of M . pachydermatis. Many other eukaryotic micro-organisms are assumed to reproduce sexually, usually from analysis of pheno type frequency distributions, rather than on the direct observation of teleomorphic features (Tibayrenc et al., 199 1) . The occurrence of more than one genetic type (sequevar) on the skin of a host individual (Guillot et al., 1997) reinforced the possibility of sexuality in M .
pachydermatis. A similar conclusion was proposed by Mittag (1 994) for the generic type species M . furfur, by using two strains CBS 1878 and CBS 600 1 which were shown to belong to this species by genome comparison (Boekhout et al., 1998) . Variations in the cell surface/ volume quotient suggested that a population of Malassezia yeasts could be a mixture of cells with different genomes (haploid, diploid and maybe polyploid). When cultured on a medium that induced filamentation, the M . furfur isolate CBS 6001 showed ultrastructural features that Mittag et al. (1994) compared to a teleomorphic feature (metabasidium) of other basidiomycetous yeasts (Ustilaginales). These results indicate that yeasts of the anamorphic genus Malassezia in fact have a teleomorphic state, a conclusion of particular importance for the epidemiology and pathology of these opportunistic fungi.
